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Effects of Orientation and Meaning on Mental 
Rotation 
Peter D. Elgin and Dr. Susan T. Davis 
Loras College 
Reading is a complex ability, for the most part, and performed automatically, especially when the visual stimulus 
is upright. The present study examined the contribution of mental rotation to reading; participants were timed 
as they read lists of consonant-vowel-consonant trigrams (CVCs) of varying orientations and meaning. An 
ANOVA revealed a significant interaction between orientation and meaning, F(3,126)=8.41, MSE=8238 77.99. 
CVCs misoriented by 180 required the longest response time in the low-meaning condition. However, in the 
high-meaning condition, CVCs misoriented by 270 ° required a longer response time than those misoriented by 
180 o. These paradoxical results may be due to biases produced by previously viewed CVC lists. For lists 
misoriented by 270 °, participants appeared to rotate the CVCs through a longer (counterclockwise) rather than 
a shorter clockwise distance in order to read them. 
Interaction with the environment requires the 
rapid exploitation of a vast amount of information. 
Fundamental to the basic processes that underlie 
successful interaction are pattern recognition and 
reading. For the most part, information from the 
environment is presented in a typical, upright 
manner. However, often the information is 
misoriented. For comprehension, we must correct 
the information to the upright or change the 
orientation of our head. The implications of this 
behavior extend from the more practical such as 
reading advertisements and the placement of 
instructions to operate machines to the more abstract 
such as a chemist imagining the manipulation of a 
complex molecule. For example, our personal safety 
necessitates accurate comprehension of warning 
labels such as those used on heavy equipment and on 
toxic substances or else we are likely to suffer 
serious injury or even death. One hypothesis that has 
been examined extensively is that we are mentally 
rotating a stimulus to a canonical or upright position 
in order to comprehend it. Hereafter, when "mental 
rotation" or some vanation of the phrase is used, the 
assumption should be that the goal of rotation is that 
it terminates with the stimulus in an upright position. 
The study of mental rotation allows researchers 
to measure the "mental time" required to rotate an 
image of an object that is visually misoriented 
(Peronnet & Farah, 1989). Excitement about these 
measurements stems from correlation between  
mental rotation time and the time required to 
physically manipulate a misoriented object. It seems 
that covert cognitive events are much like 
observable events. Evidence for this line of thought 
is that the time required for mental rotation is 
linearly related to the degree of deviation of the 
misoriented stimulus from the upright (Cooper & 
Shepard, 1985). That is, it typically requires more 
time to rotate an object that is presented upside-
down, a 180° rotation from the upright, than it does 
to rotate an object that is presented at a right angle, 
90° or 270°, relative to upright. 
The purpose of the present research was to test 
the effect of stimulus meaning as a variable that 
affects reading on mental rotation. Consequently, 
pronounceable CVCs that varied in meaningfulness 
("high" vs. "low") were used as stimuli, misoriented 
or not, to test reaction time. The first of two research 
hypotheses was consistent with other mental rotation 
studies; that is, reaction times would correspond to 
the degree of rotation required to return the image of 
the CVCs to the upright in order to read them. A 
stimulus misoriented at 180° should require the 
most time to rotate because the angular difference 
from the upright is identical whether the imagined 
rotation proceeds clockwise or counterclockwise. 
The assumption is that for a stimulus misoriented at 
anything greater than 180°, mental rotation of the 
stimulus would transverse the shorter distance 
(clockwise) rather than the longer distance 
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(counterclockwise), through no more than 180°. 
Stimuli oriented at either 90° or 270° should require 
relatively the same amount of time such that one at 
90° will be rotated counterclockwise while one at 
270° will be rotated 90° clockwise. The second 
hypothesis was that longer rotation times would be 
required for the low-meaning CVCs than for the 
high-meaning CVCs because low-meaning CVCs 
bear little similarity to real words. Meaning in a 
CVC correlates with its orthographic structure, the 
specific letter combinations, much like in words. For 
example, letter combinations that appear in 
high-meaning CVCs, such as "ba," "ca," and "bi," 
are more likely to be considered the beginning of a 
real meaningful word, due to the frequency with 
which we encounter them in common everyday 
words. That is not the case with letter combinations 
that appear in low-meaning CVCs such as "jy," 
"vu," and "qa;" these rarely signal the beginning of 
a real meaningful word. 
Method 
Subjects 
There were 43 midwestern undergraduate 
college students who volunteered to participate in 
this study in order to obtain extra-credit for a 
psychology course. 
Materials 
The experiment was conducted on a Power 
Macintosh 6100/60 computer. The stimuli consisted 
of CVCs taken from the Archer (1960) norms. 
These norms scaled all possible CVC trigrams with 
a score ranging from 1-100, "1" indicating little 
meaning ("low-meaning CVCs") and "100" 
indicating high-meaning ("high-meaning CVCs"). 
For the present experiment, 30 CVCs with ratings 
between 1-30 were used as low-meaning stimuli 
while 30 CVCs with ratings between 75-98 were 
utilized as high-meaning stimuli. Each group of 
CVCs was then randomly assigned to construct the 
20 high-meaning and 20 low-meaning lists of 10 
CVCs each. No CVC was used more than seven 
times throughout the experiment. For each of the 
high- and low-meaning conditions, five lists were 
randomly assigned to each orientation condition, 0°, 
90°, 180°, and 270°, producing a total of 40 trial 
lists; 32 of these were test trials and eight were 
practice trials. The order of the lists in the 
experiment met the following constraints: There 
were no more than three lists in a row of a particular  
degree of meaningfulness nor more than three in a 
row of the same condition. 
Procedure 
The participants were informed that the 
experiment would test their ability to read 
information when it was not in the typical upright 
manner. Prior to the test trials, eight practice trials 
were administered to expose the participant to the 
different orientations in which the stimulus lists 
would be displayed and to provide practice in 
pronouncing the CVCs. Pronunciation of letters and 
vowels followed that given in a standard dictionary. 
The sequence of events for each trial was initiated by 
the display of a small black square (0.5 cm2) 
centered on the screen. The participants were 
instructed to focus on the square. The square was 
displayed for one second and replaced by a list of 
C VCs. Lists were centered on the monitor and the 
CVCs were typed in a standard upper-case font style 
at a size of 18 cpi. The participants were instructed 
to read aloud the list while maintaining clear 
pronunciation of the words. An arrow designated the 
starting point for reading. After completing the list, 
participants initiated the display of the next sequence 
by depressing any key on the keyboard. The 
participants were instructed to maintain their head in 
an upright position throughout the entire experiment. 
Participants were tested individually and the 
experiment for each participant was self-terminated. 
On average, the length of time required for the 
experiment was 25 minutes. 
Results 
The dependent variable was the speed of 
reading a list, recorded in milliseconds as the time 
between the onset of the list and the key depression 
made by a participant after reading the list. As can 
be seen in Figure 1, the mean reaction time (RT) for 
reading the lists varied for the different levels of 
meaningfulness regardless of the orientation of the 
list. Further, the function describing performance for 
the low-meaning lists matches our prediction and 
that based on previous research: as the angle of 
misorientation increased p to and including 180°, 
there was a concurrent increase in RT. However, 
there was a decrease in RT for the low-meaning lists 
oriented at 270'. Contrary to expectations and of 
particular interest, are the mean RTs for the 
high-meaning lists oriented at 180° and 270°. 
Reading for the lists oriented at 180° should require 
more time according to the prediction, but, as can be 
2 
	
MODERN PSYCHOLOGICAL STUDIES SPRING 1997 
11012.1111 
R
oa
ct
Io
n
 
 
T
im
•  
( m
s
)  
1150.54 
eeT7.01 
120)) 
11603 
11000 
101100 
60000 j 10101.20 
MOO 
OCOO 
0600 
IMO 
7100 
7000 
11000 
.0 
600.7 
1011110.00 
—d-- High44saming 
Lev/Moaning 
71011.115 
1113.00 
EFFECTS ON MENTAL ROTATION 
seen, RT was faster for lists oriented at 180° than for 
lists oriented at 270°. Overall and in keeping with 
our second hypothesis, RT for the low-meaning lists 
was slower, on average, for each angle of orientation 
than was that for high-meaning lists. 
ando-sigh.  ty 
Orientation 
Figure 1 - Mean reaction times for reading lists of high 
and low meaningful CVCs for each orientation condition 
A multivariate repeated-measure analysis of 
variance (ANOVA) verified a significant interaction 
between meaningfulness of the CVCs and the angle 
of orientation, f(3,126)=8.41, MSE=823877.99, 
p.05, the level of significance used throughout these 
investigations. The strength of the relationship as 
indexed by eta2 was 0.06. Figure 1 indicates that the 
source of the interaction exists within the converging 
functions of the high and the low meaningful lists 
oriented at 180° and 270°. Planned comparisons 
using a simple effects analysis confirmed that RT 
was faster for the 180° condition than for the 270° 
condition for high-meaning lists, F(1,42)=3.24, 
MSE=823877.99, 	 0.07. The reverse was 
obtained for the low-meaning lists; RT was 
significantly faster for the 270° condition than for 
the 	 180° 	 condition, 	 F(1,42)=16.97, 
MSE=823877.99, eta2=0.28. 
As anticipated, there was a statistical main 
effect of meaningfulness, F(1,42)=150.42, 
MSE=9720560.37, eta2=0.78. At each orientation, 
high-meaning lists were read faster than were the 
low-meaning lists. There was also a significant main 
effect 	 of 	 orientation, 	 F(3,126)=11.58, 
MSE=839289.73, eta2,0.08. However, this effect of 
orientation is interpretable only within the context of 
the interaction with meaning. Together, the results 
demonstrated that mental rotation's RT was directly  
related to the inherent meaning of the CVC as well 
as the CVC's orientation on the computer screen. 
In an attempt to explain the unexpected results 
for high-meaning lists oriented at 270°, an analysis 
was undertaken of the orientation of the lists that 
preceded this condition. One explanation that 
seemed plausible is that there was a previous trial 
bias. The direction, clockwise or counterclockwise, 
of the mental rotation of a preceding, could have 
influenced the direction of mental rotation of the list 
that followed it, in this case, a list oriented at 270°. 
In other words, participants rotated lists of 270° in 
the same direction as had been optimal for the 
preceding list, even if it meant rotating through a 
longer angle than necessary. Although 
counterintuitive, this would mean that rotation for 
lists oriented at 270° would proceed in a longer 
counterclockwise direction instead of the shorter 
clockwise direction. Figure 2 illustrates for all lists 
Figure 2 - Expected directions of rotation of high meaning 
CVC lists for each orientation. Solid arcs represent the 
direction of rotation based on the present research. The 
dotted arc represents the direction of rotation supported by 
extant research (e.g., Corballis & McLaren, 1982; Robertson 
& Palmer, 1983). 
the probable direction of rotation, including that for 
lists oriented at 270°. In the figure, dots indicate the 
90°arc traversed in rotating stimuli oriented at 270° 
clockwise, as predicted on the basis of extant 
research (e.g., Corballis & McLaren, 1982; 
Robertson & Palmer, 1983). The solid arc 
represents the suspected direction of rotation as 
supported by the results in this experiment and a 
hypothesized previous trial bias. 
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A second ANOVA compared RT for 
high-meaning lists oriented at 270° as a function of 
the angle of orientation of the preceding list and 
confirmed our expectations. There was a significant 
effect of the previous list on the RT for the 270° list, 
F(2,84)=12.58, MSE=591065.56, eta2O.13. A 
Tukey HSD test confirmed that RT was slower for 
270° lists preceded by 90° oriented lists 
=7444.04, SD-2008.92) than for those preceded 
by 180° (M=6844.23, M=1699.96) or 0° 
(M=6645.05, SD=1704.03) oriented lists. There 
was no significant difference between mean RTs for 
the 270° lists preceded by the 180° and 0° oriented 
lists. 
Discussion 
The results of this experiment demonstrated 
that mean reaction times were faster for the 
high-meaning lists than for the low-meaning lists. 
This complied with the second hypothesis; 
high-meaning CVCs should be identified faster than 
low-meaning CVCs regardless of orientation in so 
far as reading is necessitated by daily functioning. In 
addition, it is reasonable to posit an effect of the 
greater frequency of letter combinations on 
recognition as seen in the high-meaning CVCs. 
The discrepancy between the results for the 
two meaning conditions can be attributed to the 
participants' longer focus on the orthographic and 
phonological structure of the low-meaning CVCs. 
The low-meaning CVCs have a letter structure and 
sound that could be considered analogous to the 
words of an English-speaking individual learning a 
foreign language; a CVC, much like an unknown 
foreign word, bears minimal resemblance to 
common English words. Consequently, this structure 
contributes complexity to already novel stimuli, thus 
requiring extra attentional focus and time to 
pronounce the CVCs. Bethell-Fox and Shepard 
(1988) propose that rotation rate for any stimulus 
depends upon the complexity of the stimulus; the 
more complex the stimulus, the longer the time 
required for rotation. The complexity in the 
low-meaning CVCs comes form the difficulty 
introduced when encountering a novel word-like 
stimulus, similar to that when a foreign language is 
first learned. Additional support for this explanation 
is the hypothesis first proposed by Navon (1977) 
that certain perceptual phenomena are processed in 
what he termed a local manner; object recognition 
was initiated by identification of the specific features  
of the stimulus (e.g., features such as letters of a 
word are processed before the word itself). Other 
phenomena appear to be processed globally (a word 
is processed as a unit). The time for processing 
information at the global level is faster than for that 
at the local level (Robertson & Palmer, 1983). 
Low-meaning CVCs may be scanned and processed 
on a local level, letter by letter, rather than a global 
level. The effect that this could have is that the 
letters of a low-meaning CVC are identified and 
rotated individually before pronunciation, thus 
causing RT to increase. 
On the other hand, the high-meaning CVCs are 
likely to be identified and rotated on the global level. 
A CVC is likely to be pronounced as a unit rather 
than as individual letters. This occurs because the 
high-meaning CVCs have memory referents due to 
their resemblance to real words that are frequently 
encountered in everyday language. When a 
word-like stimulus is misoriented, it can be 
compared with similarly structured real words that 
are already stored in memory (Farah & Hammond, 
1988; Shepard & Metzler, 1988). Due to this 
resemblance and because the high-meaning CVCs 
are more easily pronounced than their low-meaning 
counterparts, it becomes automatic for the viewer to 
treat them as real words, ultimately producing faster 
RTs. 
The mean RTs for the low-meaning CVCs 
support the hypothesis that mental rotation takes 
time relative to the degree of orientation. For these 
conditions, mental rotation time of the C VC and the 
CVC's meaningfulness are working together to have 
an effect on RT. The 180° lists required the most 
time because the rotation angle was the largest of all 
conditions; the participant could rotate the list in 
either direction, clockwise or counterclockwise, and 
it would take the same amount of time. 
The mean RTs for the high-meaning CVCs did 
not support the same hypothesis that the larger the 
angle of rotation, the greater amount of time needed 
for mental rotation. One plausible explanation for 
these results proposes that previous lists affected the 
direction of the rotation and in turn the mean RT, 
especially in the 270° orientation condition. The 
original hypothesis would predict results comparable 
to those for lists oriented at 90° - a faster RT than 
was observed for lists oriented at 180°. Actual 
results contradicted this expectation. 
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The follow-up statistical analyses supported an 
effect of previous lists. Those high-meaning 270° 
lists that followed a low-meaning 90° list had the 
slowest RTs. This phenomenon was thought to be 
due to a specific response bias that caused the 
participant to rotate the list in a 90° 
counterclockwise manner. This means that the 
participant was still in a 90° rotation "frame of 
mind," and when participants experienced the 270° 
list, they rotated the list in the same 
counterclockwise direction instead of the more 
efficient clockwise direction. As a results, the mean 
RTs for the 270° high meaning condition were the 
slowest RTs observed. 
An explanation for these results comes form 
Max Wertheimer's idea that past experience can 
influence a person's rotation manner. In 1912, 
Wertheimer illustrated this idea by flashing two 
lines, sequentially and quickly, one horizontal, the 
other at an angle less than 90°, so that the observer 
perceived the line moving downward through the 
shortest angle of rotation. What Wertheimer 
discovered was after three successive trials in which 
the line was perceived to move through the shorter 
angle, on the fourth trial, I which the lines were 
angled at greater than 90°, the participant perceived 
the line to move through the larger angle, thus the 
perception of the direction of movement was biased 
by the preceding experience (Goldstein, 1989). 
A similar situation seems to hold for the 
high-meaning 270° conditions following a 
low-meaning 90° list. In essence, the 90° list 
appears to influence participants' mental rotation in 
a way to cause deviation from an expected rotation 
style; mental rotation occurred through the longer 
angle in a counterclockwise direction rather than 
through the shorter angle in a clockwise direction. 
In summary, the results of the high-meaning 
270° condition can be explained in terms of a 
previous trial bias. That is, the rotation direction of 
this condition was predominately influenced by the 
preceding trial. One explanation could be that 
insufficient time was allocated between trials to 
allow a return of focus, including perceptual and 
cognitive expectations, to an upright orientation 
before the onset of the next list. An experiment near 
completion will attempt to affect the previous trial 
bias by returning the participant's focus to the 
upright and, presumably, will eliminate any biased 
expectations about subsequent direction of rotation. 
From a different perspective, one may ask why 
the 180° lists were rotated faster than the 270° lists 
in the high-meaning condition. One explanation 
comes from McCelland and Rumelhart's (1981) 
interactive activation model. The interactive 
activation model proposes that feature and word 
levels combine to provide information about the 
identity of letters in a word. Since visual processing 
is spatially parallel, all the letters in a word will be 
processed simultaneously. Visual processing also 
occurs for the feature level, the letter level, and the 
word level at the same time (Reed, 1996). Thus, the 
participants will recognize the word at the same time 
the features and letters are identified. This 
phenomenon may affect RT if the word is 
pronounced before it is completely rotated to an 
upright position. For example, the word "cat" is 
presented at 180°. Once the participant begins to 
mentally rotate "cat" and identify the features, the 
different letters and the word will be recognized 
simultaneously. This presumably causes faster RTs 
because the participant stops mental rotation once 
the word is identified before the word is completely 
rotated to an upright position. 
The participant pronounces the words before 
completely rotating them back to 0° in a manner 
analogous to using a heuristic. A heuristic is a 
mental shortcut that is used in problem solving, often 
when there are no time constraints (Reed, 1996). In 
this experiment, instructions to read the CVCs as 
quickly as possible may contribute to a perceived 
time constraint, thus necessitating the use of a 
heuristic. Illustrating the effect of the heuristic, the 
mean RT for the high-meaning 90° condition does 
not deviate much from the 0° orientation. This small 
difference in RT between these two conditions 
implies that the participant was not completely 
rotating the 90° list to an upright position; the 
participant was terminating rotation at some 
orientation before 0°. This would account for the 
relatively flat function obtained for the high-meaning 
condition. Further support for this idea is offered by 
the concept of perceptual uprightness. Here, a 
stimulus may deviate from the upright within a 
certain range relative to its misoriented location and 
still be perceived as upright (Hock & Tromley, 
1978). This would predict that mental rotation would 
be terminated and pronunciation begin as soon as the 
stimulus is rotated into this range. 
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Further experiments propose to determine the 
limits of perceptual uprightness for various 
misoriented stimuli. This experiment would have a 
clock face superimposed on the CVC list. The 
participants would be asked to rotate the list to a 
minimum orientation at which the list could easily be 
pronounced. This would help determine the specific 
orientation at which the participant could accurately 
pronounce the list. 
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